THE CLIMATOLOGY OF THE VINE (VITIS VINIFERA L.)
THE COOIL LIMITS OF CULTIVATION

By ], A, Priscorr!

[Read 8 April 1965 ]

SUNMARY

_An esamination has been made of the temperature conditions at the polu
limit ot the cultivation of the grape \ine Vids vinlffera L. in Eorope.  The
printipal limiting fuctors are the nean temperature of the wirmest onthly
peviod which amist be i exeess of 667 F.oand of the coldest monthly period
which must be i eacess of 30¢ F. These are associated with period.s" of
approxinuately siv months doring which the meas monthly temperature ds o
excess ol BOT K,

Where mican winter temperatures fall below 307 ¥, special precantions
st be faken to protect the vines,

Thes temperatnre charactoristios hieve also been expresswd in the hanmonic
forin of gunual anean, amplitode aud phase wnd the vse of temperatiure sto-
malinny over thie base level of 507 1. i discussed.

- Egperience in Australiy and Gyliforniz has heen exanined with reference
to the femperature lintits establishad above,

In an npremlx’\', the history of the use of temperatore cunmitions in
apricultural climatology is briefly reviewed,

In o earlier communication (1947) it was demonstraled that the wave-
torm analysis of the annual tanperature curve based on mean mouthly tens-
peratures could be applied to the scarch in Australia for the temperature homo-
climies of species of pines native to the Mediterrancan environment.  Sncli a
melhod is particularly successful when deating with perennial species such as
Pinus radiata and Pinus canaricnsis which have a geographically restricted native
habital. The march ol temperature thronghout the year takes care of adapla-
bility {o the summer heat and winter cold, Jeaving the ¢ueston of moistare
relations for studies of greater refinement?  In the case of a long established
cultivated perennial such as the grape vine (Vitis vinifera), the question is
cormmplicated by the deciduous character of the plant and by the historieal factors
involved in the spread of its cultivation from its place of origin in the Armeman
region, to all parts of the dvilised world,  In most cases at some time or other.
the limits of cultivation huve been advanced beyvond a reasonable sange hoth
in the polar direction and equatorially, but the present polar limits in Burope
at least have been stable for well over a century.

It is necessury, morcover, to take note of the introduction of species other
than V. tinifera to meet special circumstances, such as the use of “direct pro-
dncers” or hybrids of V. vinifera with various Amcrican species which bear
commercially useful grapes and which are tolerant of cold conditions and which
are resistant to phylloxera. Such vines are the busis of the wine industries in

K Menﬂmr of the Council of the Austruliag Wine Reseurch Institnto.
2 8Seo for example Johnston (1964),

Trans, Roy, Soc, S, Aust. (1965), Vol. §9.
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Fig, 1. Map illustrating the northern margin of the cultivation of the vine in Europe. Names and locations of stations with useful temperaturc
records along this margin are indicated. South of this margin is given a selection of stations representing important viticultural areas. The hroken
liney represent isotherms for the mean temperature of the coldest monthly periad.
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CLIMATOLOCY OF THIC VINI 7

the States of New York and Obio in the United States and of the: Provinee of
Omtario in Canada. Such an hybrid, Brendt, of Canadian origin, has been used
tu extend the limit of cultivation to Brituin, while the Asian species V. lanata

is grown commercially in Eevpt, particularly in the uneichbourhood of the
Mediterranean Sea.

"The purpose of the present study s 1o examine the temperature conditions
which appear to have determined the polae limits of the cultivation of the vine
in Europe, to establish any generalisation which emerges and to test this
veneralisation against the newer experiences of Anstralia and California

The present northern limits of the cultivation of the vine in Forupe are
the resull of a process of trial and ervor extending back first to the Homan
vecupation and Jater to the spread of Christian establishments in northern
Europe.  In Britain at the time of the Norman congquest, the Domesday Book
has 38 references to vinevards.  An IS century report from o physiocralbe
I'rench source on the Bnelish covnties mentions only Gloucestershire as havinge
vineyurds,  These are recorded as having been recently abandoned in favour
of apple orchards,  Generally speaking. Gloucester, Somerset and Kenl are
regarded as the most fuvourable countics.  In Cermany during the middle ages
the coltivation of the vine was extended to Litbeck, Steltin, Danzig, Kinigsherg
and Tilsit. Most of these northern vinevards were destroved, however, by the
harsh wintey of 1437, In 1592 theve were 92 vinevards in Berling, areas which
subsequently reverted Lo orchards,  Tnowhat is now Polish Silesia, the enltivation
ol the vine was introduced by Irankish and Flemish migrants and remained
important until the period of the 30 yeary wae, The most fumons wine district
in the arca is that based on Ziclona Géora {Grimberg), includins arcas at Swic.
buclzin and Sulechow,  The most prosperons pericdd s said to Jave heen be-
tween 1830 and 1890, when the arca planted reached £400 heetares, In Saxom
the mosL importanl area has been newr Meissen and Hoflgssnite, advantage being
tuken of the favourable elimate of the valley of the Elbe, In the Tate T6tly
century, G000 heetares are said to have been eultivated i this ares, Dut this
hud deercased by the end of the 19th contury 1o 526 hectares. Forther upr the
valley of the Elbe vinevards were established in Bohemia and these ure -
rently represented by areas at Milnik and Litomerice.  The northern Tunils of
cultivation in Czechoslovekin, Hlungary and Rumania are much fucther south
than in Germany and there is no Jdoubt that this limit is determined by the
volder svinters,

Lo Bussia, the limits have been set by experience gajned in extending culti-
vation into the Ukraine heyvond the oxisting limits in central Burope.  With
the oceapation of the Comen and its anuesation in 1783, i winemuking schanl
way established i that vear at Sudak on the coast and this was moved in 1812
tey the neighbourhuod of Yalti, now one of the important centres in the Soviet
Uniion,  Vioevards avere established in 1770 by the German settlers oa the
Valga between Saratov and Tsuritsin { Volgagrad, Stalingrad) but these oo not
appear to have survived. although mentioned by correspondents of Alph. de
Candolle.  An important surviving areq estends along the banks of the Don.
Vines have been grown in Kiev in eirdens, hut ne swine can be made,

The present northemn limits of the eultivation of the vine in Euwrope are
shown on the mup of Fig. 1. These Himity are very gimilar o those shown un
a map hy FLennis (1883) except that the Russiun limit is shown on this earlier
map ay extending to the northern margin of the Caspian Sca. “This mop also
shows the polar limits of the cultivation of the olive as well as of a nomber
uF native tree species. He also plotted two sits ot isotherms: isotheres or lines



Climatie Characteristied of Loealities Aluigg the Nocthern Limits of tho Cultivalion of the Vine in Burope.
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Temperature Characteristios

Season ahove 5O°F

Phase

|
¢
|
E
[

Acrumulated
doy-degrees

Recording Station | Longitude  Latitude Meann Amplitude Beginning ! Ending Length | above 50°F
‘ ; : K ; ‘¥ i Days April 1 Oclober months

Nautes Wi 45902 p2-2 30 | 304 4 26 653 1.880
Angers FWe L 4T a2-3 0 s 1 240 6 26 665 2,000
Chartres E 15 | 484 ’ TR S ¥ O S B P S BB 17 605 1710
Paris 2.2 ' 488 et ; 145 ; 26-7 14 |t gelu | 1.760
Reims 40 RTINS R TV R 2 T R T 2749 14 i G-05 |.520)
T'rier 66 L 4y-7 l 473 14y L 2407 I8 5 aone | 1,700
Geiscnheim “ 8.0 v 4492 0 163 264 16 14 Sy 1,791
Frankfuit ' 86 Hi-d RS 167 270 18 14 C A-85 1,824
Lrfurt! 11:0 31-0 448 (7.0 -4 30 G I 1,430
Dresden? 137 al-1 484 167 30-4 23 12 i : [ 1,660
Teplice* s S04 48-1 178 26-3 21 5 | 1,770
C. Lipa® S R 11 163 LR 278 30 5 i 1,040
Zielons Gorat 5.5 &1y 47-3 17-4 X 2 % | 1,830
Broo PG b 492 | 472 19-7 281 22 I g i 1,780
Uzhgorod 22.3 48-6 | 49-1 204 30-2 | 17| 18 G-00 2,170
Kamenstz-Podolsk 26-6 187 45-0 237 30-3 20 . il Jed0d 1,430
Ananiev boo29-9 47-8 476 285 26T 2 24 535 2,310
Odessa 307 454 44-3 235 g0 2 X 8 1 580 2,580
Ochakov 35 46-6 1 49-8 243 334 | 21 20 HEL E R 2,730
Khorson 326 466 1 50.1 | Ben 1 s s £i-00 2,790
Melitopol 354 468 443 a5-2 - 35 20 ! 15 585 2810
Astrakhan 48-2 464 | 4U-0 WA R0-3 ] LR 590 3,164

1. Erfurt for the Saale-Unstrut valley s,

2o Dresdon for Melssen and Grosseahain.

4. Teplice and € Lipa for the Boheminn aveas of Moelnik and Litoidories,

4. Zielona Gara (Griwmberg) for Swiehudzin and Sulechow,

AN
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CLIMATOLOGY OF THE VINE Y

ol equal summer temperatures and isocheims or lines of equal winter tempera-
lures, Commenting on the interpretation of this map, Lennis remarks on the
complications associated with the prohlems involved.

The map of Fig, 1 gives the locations of the temperature stations which
provide the most useful available information associated with the limit of culti-
vation wnder discussion.  In addition, the isotherms of the coldest month ave
plotted us these obviously play a part i determining the limit.

For cach of the stalions listed and for others in the vicinity the temperature
characteristics of each station have been caleulated by wave-torm analysis, and
in each casc u smooth corve has been draywn from. the values caleulated from the
first three harnmonics,  From these curves has been estimated the length of
season over 307 F.oand the accomulated “dayv-degrees”™ aboyve this limit, These
dala have been brought logether in Table 17

It is now possible to suinmarise the data in the form of mean annual {em-
perature and of lemperature mmnplitude.  This has been done in Fig. 2 where
temperature characteristics have been plotted against longilude across Europe,
as it is obvious that the degree of continentality of the temperature regime as
determiined by longitude is more important than latitude in determining the
limit,  The German climatologists have observed that o mean lemperature of
the warmest month of 20° (., (65° F.) is the probable requirement together
with a mean temperature of the coldest month not below 0° C. (32° F.) with a
muein annual temperature of at least 48° T,
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Fig, 2, lllustmting the relations]x{p between tauperatore and lomgitude along the northern
margin of the cultivation of the vine in Ewrope. VW. Temperature of the warmest monthly
period.  The hroken line is the caleulated regression of temperature on longitude over the
range 2°W ta 16°T0. A, Mean annual temperature. G, Temperature ol the coldest monthly
perind,  Open vircles. are for well-estabilished stations well within the northern limits,
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In Vg, 2, the valeulaled line of regression of leraperature on longitnde lus
heen plotted for the warmest month over the range of longitnde 2°WW, o 167E.
There 1s no significant departure over this range trom a mcan temperature of
65-67 F. On the other hand, the meun temperature of the coldest month falls
uver this range of longitude from 397 F. to about 30° F. At the lowest tem-
peratures and generally speuking further east at the Ukrainian winter tempera-
tures o about 23”7 I, it i recognised that protection of the vine in winter is
very necessary.  French ohservers repard an absolute minimum of — 157 €.t
—15% C. (say, 0° F. to 3° F.) as the ultimate Iimit of dianger in winter,

"I'his northern Limit of cultivation is reasonably continuons from the coust of
the Atlgutic to the vallev of the Rhine, but east of the Thine the enltivation is
less continuous, edaphic factors of soil and slope being sought as in the Rheingau,
the villeys of the Saale and Unstrut and of the Elbe, on doue sands o Silesia
and on south-facing slopes at Tokaj in Hungavy.,  The continnity is also inter-
ruphad by the mountain ranges such as the Erzgebirge, the Riesengebirge and
the Carpathians, IL will be noted that the eastern limit of this continuous cul-
tivation is determined by o mean temperature of the coldest month of 32° F.

Another temperatnre factor which has been considered (o be ol importance
is that controlling the period of vegetative growth, The ninclteenth century
butanists agreed Hut for mast woody species, bud burst in Spring began when
the mean monthly temperature reached 107 C, (50° F.) und this temperatore
limit hus been ealensively wsed in many climatic studies on the vine.  From
Tahle it will be noted thut over practically the whole range of longitude from
Chartres to Astrakhan, the period during which the temperature limit of 507 17
is exceeded varies from appraamately 303 o 6-0 months, 1o every case the
breginging of this seasan is in April and the end in October, mean dutey beines
21 April and 14 October, a period of 3-8 months.

ln order to provide some perspective the records of o number ob well-
established areas soth of the northern linit have been examined und these are
hraneht together ju Table 2 ws well as heing platted in Fig. 2. The Tength of
seasem over 50 TTois in weneral between six and seven months and sunimer
temiperatures about 37 to 47 F, higher than on the northern limit,

This northern limit of the ceultivation of the vine is only valid for carl
varicties,  An historical experience in Hhis connection is that of Boussingaull
(1837h ), who recounts the establishment of a vineyard on the family estale in
Alsicr in 1818, The varieties lirst planted were those trom the segion of Per-
pigran, presumably Grendele, Cartzndan and similar varleties.  These thrived.
but the grupes did aot vipen and the vieyard was replanted in 1825 with early
varietios inclading Pinot, Sanvignon hlene, Tokay, Riesting and Teewainer. 11 s
of interest that the vintuge was followed over o period of years and recorded
quenttlatively from 1833 to 1836, Bonssguult records his opigion that the
femperature of the warmest month should be 1 or 5 degrees higher than the
iccorded probable mean ol 84° F., lor the season to be {avourable in Alsace

It has been pointed ont above that a temperature tactor which has been
copyidered to be of great importutice is that controlling the period of vevetative
arowth,  This temperature limit was established for a number of speeies
Alph, de Candolle (1835) and for the vine the limit was established at 107 C
(50° F.), and was used extensively by him and adopted by the American
workers Amerine and Wankler (1941, 19631 for deteranulng the climatic regions
for the eultivation of wine grapes in Califurnia,



TABLE 2.

Climutic Characteristies of Tmportant Wine [Mstricts of Turops Tmmediately Sonth of the Northern Limits

of Cultivation of the Vine.

Temperature Characteristies

Season ahove 30°F

Reronling Station ‘ Longitude | Tastitwde Mean  |Amplitude| Phase

, : ° ¥ CF Days

Bordeaux W 06 44-9 42 13:9 3145
Beaune O E 49 471 hz-0 b 1645 287
Bratislava | 17-1 481 504 I 202 28-6
Debregent | 21-2 475 497 20-8 27-5
Yalta P 342 4.5 Al I8 106
Novo-rossisk 37:8 A4.7 ad«6 - 18-a 39-3
Thilisi 447 417 L 214 33-3

Beginning
April

1

Fnding

October |

31

20

2()

15
November

17

P
pee)

-]

b

Length
months

6-20)

7-20
680
7-00

|
i
.
i

Aceumulated
day degrees
above S0 F

2,300
2,300
2,490
2,350

3,300
2,990
3,370

! Tlohreéen for Toka]
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Three examples have been selected from the range of stations in Table 1
so that o comparison may he made between the original use of this temperature
limit by de Candolle and the current use by the Californian workers,®

These examples are illustrated and esplained in Fig. 3. De Candolle’s
rule {1855 loe, eit. p. 363) with respect to the limits of cultivation of the vine
may be quoted in [ull:

“The cultivation of the vine, tor the manufacture of wine. can be under-
taken in Europe, on slopes with a favourable exposure, uwp to those localities
which provide a sum of 2,900 dav-degrees ( Centigrade) from the day when the
miean temperature first reaches 107 C, until the day when the temperature
falls below 107 C. in the shade, provided that at the approach of maturity, the
number of days with rain does not exceed a dozen per month,”

De Candolle’s choice of 10° C, was made only after he had satisfied himself
that it was hetter than 87 C. or 9 . He was. moreover, well aware that this
temperature sum could be modifiecd by other factors, the clief of which he
regarded as the amount of solar radiation, but as he had no method of estimat-
ing this, he noted the offect of latitude in influencing the length of day in summer

¢ For a Luller aceomnt of the history ot the development of this concept, sce sappendis
page 20,

tir. 3. Three selected examples of temperature qoves of lacalities on the northern linit of
the eoltivation of the vine in Enrope. The curves are drawn from the caleulated vidues based
on e wyve-fornt analvsis of B origival mean wouthly temperatores following the eqnation:

o=y iy PO o fhg 008 2N F g cos 3K
A4 by sinx o+ Dgsin 2y by sin 3
For the three localities the constants ol the equation wre:
with micl-Juwnvary as 0, mik-Fehrnary 300 ete,

iy ay thy 0y hy by Iy
Nintes ne 2t - 2-h2 L4440 +-12 - )57 - 1)-88 4041y
Cieradnheing 125 =163 -0 +1-33 RN Il {32 4017
Astraklom P07 ~245 —1-35 S 1 — 167 ~1-6a -0 n2

Fur the first hinmnouic these correspond to thee vahies:

Annuial wenn Phase lag behind
temperature Amiplituide the sun
B ) i) days
Nantes 7 3242 IEEL 30-4
Geisenhoim - 2 16-3 264

Astrakhan ' 440 2404 ; 30:3
; 1

The shaded arsas correspond {0 temperature suramations, the whole area represents the
original snmmation recommended by de Candolle (Centigrade ) and the npper aren (Fahren-
hieit) that currently (1963) adopted by Californian workers.  These values are:

day-degrees

Califarnia De Candolle
Nantes : 1857 3034
Geisenhonm ! 1786 2886

Astrakhan 3162 : 3551
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i northern latitudes and he also made note as in the rule guoted above of the
numbier of days without rain. Black (1960) has recently caleulated values for
solar radiation for northern Gurope, The southern Hmit of Black’s values
coincides approximately with the northern limit of the cultivation of the vine
st that a re-appratsal miy become possible in these terms.

It will be noted trom Fig. 3 that de Candole, although ecoufining lis
summations to periods with mean teraperatures in excess ol 10° C., added the
actual temperatores in degrees centigrade so that a new hase line of 0% C. was
estublished.  Fou regions, such as Madeira, where the mean temperature of all
months of the veae exeeeds 10° C., he refused ta-commit himself,

The Californian workers nusing the Fahrenheit secale have mceasured temn-
peratures above the base line of 507 I und where this temperalure iy exceedid
throughout the vear an arbitrary sclection of the time period has been made,
say, April to October, Wlthaugh it is recoumised that crop periods such as bud-
burst to ripeness, or flowering to ripeness for each specific variety would he
maore satisluctory.

Phenological observations are not sufficiently unmerous to give more than
i@ general comfirmation of the soundness of the concepts employed.

In the German regions of the Palativate, Bavaria and Franconia. the varieh
Riesling begins its vegetalive growth about 25 April, begins fowering about 11
Juue, and the berry begins to ripeu about 2 September.  The time from bud-
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14 J. A, PRESCOTT

hurst to the beginping of ripening has a mean value of 126 days.  In the Nahe
region over a recent period of ten years. the medan dute of the beginning of
ripening for this variety was 22 Angust and of the completion of ripening 3
October { Hillebrand, 1863). In these observations the degree of ripeness was
hised vn the specific gravity of the grape juice.

In northern Frunce varieties such as Camay begin vegetative growth from
7-15 April. begin flowering on 9 June and ripen from 17-28 September.

In the commune of Beaune, Burgundy, the proclamution of vintage (Ban
de vendange), over the years 1909 to 1933, ranged from 15 September o 16
October with o mean date of 28 Septemnber.  This is to be compared with 20
October, the date ending the mean perind above 507 F. at Beanne,

De Candolle quotes a gronp of observations on the beginning of vegetitive
growth nf the vine at Brussels, Over a period of ten vears this is given 25 April.

These dates currespond well swith the choice of 50° I7. as the basal ten-
peniture.

EXTENSION OF EUROPEAN FEXPERIENCE T OTHER COUNTRIES

From the observations made in Kurope. it can he assnmed that the polar
limits of cultivation of the vine are determined climaticully hy the temperature
limit of not Jess than 66° F. for the mean of the warmest month combined with
a mean temperature for the coldest month of not less thun 30° T, Below ths
mean for the coldest month provision has to be made for the protection of
dormant vines in winter. The rainfull Timit may be tiken as au annual mean of
30 inches as a maximum with 20 inches as a possible minimum below which
irrigation is likely to be needed. Tmportant areas. such as the Bordeanx vegion,
dao, m Lact, have areas with an annoal rainfall as high as 40 inches, but in such
resions fungoid diseases will become inereasigly important. A further require-
ment will be that the length of tlie season above 50% F. must be in the region
of siv months amd the temperiature summation over 507 o within the perad
must be of the order of 1600 to 1800 div-degrees, corresponding approximutely
tu Alph. de Candolle’s original requircments of 2000 diy-degrees oo the Centi-
erade scale. With a scasonal lengthi of six months L0 dav-deyrees corresponds
tu u e Candolle yalue of 2.830.

An alternate approach would be the use of appropriate combinations of the
harmonic charactenistics of the temperature corve for the vear, This wanld
mean seeking such appropriate combinations of the annual mean teroperdoree
and wnaplitude as would correspond to the limits set above for the warmost
and coldest months.  Appropriate combinations would be mean annual values
of 52" F, to 48% F. with amplitudes of 147 to I8 and phuase values of 26 to 30
davy of lag behind solar radiation. Sueh combinations wonld by reguised 10
repraduce more precisely the teperature conditions along the main worther
htwndiry oF cultivation in Ewrope.

The relevant areas ol widest expertence with Vo oiaffero outade Entope
ure likely to be found in South Americn (Argenting and Chile ), in Soath Africa,
in Australin and in Californin, It & proposed (o examine the conditions m
Australin avd Californin and to disenss brieflv the conditions in Enghind,

Vine Crowing in Endland

It has already been pointed oot that English experience goes hick for
mgny centurics and that for sentimental and other reasons attempts are always
heing made to produce wine from grapes grown in Englind.  Generally speaking
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the enthnsiastic wine-maker is satisficd of be can produce wine, sqy, once in
three or five years. Frequently the vines are grown on walls with a soutlern
aapect s iv also the case in Silesia, The varicties grown must be very early
and according to Ordish (1953} include the Cunudizn hvbrid: Brandt, Golden
Chasselus, Gamay Hatif and Meslier Précoce.  Commercial wine production i
Lugland, however, is based on concentrated grape juice imiported principally
from Gypms and Greece.

For an assessment of temperature conditions. Cardiff, Oxlord and Kew lave
been selected us affording probuble northern limits for Britain,  Appropriate
climatic inkormatin is given in the following table:

Temperatine .
Charaeteristics Temperatuse - Leogth of
Ntatiun —— — e e Of warmesl. 0 season | Aecumalared
Mean  Amplitude | Phase © monthly  over 50°8 ! day-degrens
v F [FESS preriod “F | mponths ¢ above o)YF
Candift R 10-7 RIS 611 h-b L2an
Oxforst FORES 1i-4 #2-4 §2-1 53 1,10
Ky S RV 11-9 KETR] -4 35 1.340

Using the accunmulated day-degrees above 507 F.oas the simplest eriterion,
none of the values upprouches the Tower limit set at 1600 for European con-
tinental conditions.  Similarly. the mean temperatare of the warmest monthly
perind is significantly below the established limit of 56° T

Cutifornin

The wrape vine Vo vinifere is the species cominerelally establishedl in the
wostern United States, wlmost entirely in California, although small areas have
been noted in the States of Oregon and Washington.  There is, of course, o
Jong experience going back to the days of Spanish scttlement. and the cnlti-
vatiom of the vine has been adjusted through experience to the geographical
limits impuosed by climatic conditions.  Amerine and Winkler (1944, 1963) have.
on the basis of this, experience. grouped the California arcas into five regions
bused on acenmulated temperatures over 50% F. Here the difficulty arises that
wis cocouutered by de Caudolle with respect to Madeiri in that either all
manths have mean temperatures above 507 F. or a substantial number of months
we so plwced. In their fivst paper they used as a criterion the peried from
full blounm to ripetiess us indicated by a given specific gravity of the grape juice.
This iy of particular vialue in the comparison of varieties i different localities
and seisons. They obtuin as valuey for their coolest region (No. 1) 1,800 to
2.000 day-degrees, In their seeond paper they chose the period April (o Octoher
inclusive which gives a valne of less than 23000 dav-degrees for the coulest
region,

On the map of California (Fig. 4) have been plotted the criteria mentionad
carlior, namely, 667 F.. for the wuarmest month, 30° F. for the caolest month
and 30 inches of annual rain. The urees considered climatically suitable for
the enltivation of the vine within these limits have been margined,  The
counties included by Asnerine and Winkler in Region No. { are indicated Dy
hatching.  Below an annuad rainfull of 20 inches, irrigation is likely to be needed.
above 30 inches special conditions are likely to he encountered,” The mup has
been constructed essentially from the data provided in “Climate and Man™
(16841) sopplemented by data in the official reports of the U.S. Weather Burcau.
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It will be noted that the isothermi of 667 F. for the warmest month is
determined in the first place by proximity to the Pacific Occan and is parallel
to the roast, and in the second place by the altitude in the mountains to the
east of the central valley.

As an example, Napa (lat. 38-3°N,, long. 122-3°W.) has been taken as a
recording station in am established wine-growing district.

! l I [ I b

124 ° izo° e
4 cesviamesess JANUARY 3O°F
-———— JULY &66°F
ANNUAL RAINFALL 30 INCHED
———— ANNUAL RAINFALL 20 INCHES

- e e
- J—

40

' COUNTIES OF REGION 1

A=

36"

327

] | ] | {

Iig. 4. Map of California on which have heen projected temperature limits for the cultivation

of the vine established at the northern margin in Europe, The area within which favourable

conditions can be expected is margined, Counties included by Amerine and Winkler in their
coolest Reginn 1 are shaded.
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—————— JANUARY 66 F
scteaennneees JULY 30°F
————— ANNUAL RAINFALL 30 INCHES
—_————— ANNUAL RAINFALL 20 INCHES
Fig, 5. Map of sonth-castern Australiz on which have been projected temperntire lmits for

the caltivition of the vine established at the northern margic of cultivation in Europe.  The
area within which favourable canditions can be espected is margined.

The temperatnre chavacteristics are given below:

Temperad are
Charaetevisties Temperature  Length of
Station ! ] of warmest SIS0 Aecumulistod
Mean Amplitude | Phase monthly over iEF  day-degroes
RO R E Days perion “ 1 months above 300 K
Nt e 11 36-2 6G -7 H-4 2,880

These temperatime characteristies ure obviously quite different from those of
the European limits, due principally to the length of the season,  1f the criterion
of seven months, April to October, be tuken the temperature acenmulation is
2680 day-degrees corresponding to Region Il of Amerine and Winkler, the
region regarded by them as most important for table wines. For the established
viticultural area of California, criteria independent of northern Luropean ex-
Fcrimnce must therefore be establistied if the summation of temperatures is to
30 used,
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The map reveals, however, 2 number of jntersections between the isotherms
of 30° F. and 66° F. for the coolest and wurmest months respectively.  These
are inland avcas and at some altitude.  Recordiug stations near such interseetions
are given ahove (Tableé 3); together with temperature charviicteristics.

This Californian experience may be extended to the State of Washington
where approximately 8,000 acres of vines are grown, nearly all of which are
under irngation, in the south ceniral portion of the State.!  Approximately 83
per cont of this acreage is planted to the American variety Conceord (V.
labrusca) and most of the vinifera varicties have to be covered to survive the
severest winters, The wiean temperature of the warmest month at the Irrigation
Experiment Station at Prosser is 71° F. uud of the coldest month 20° F, The
length of the season over 507 F. is 6-4 months,

Anstralia

The appropriate temperature and vainfall limits lave been plotted on the
map of Fig. 5 for south-eastern Australia, Tasmanin is well outside the limit
of 669 F. for the warmest month, and all of the rest of Australin west of
Kangaroo tsland comes within the limit.  As with California. there is o tom-
perature control imposed by proximity to the oceans aud away from these a
further control imposed by altitude,

The most interesting locality near the Timit is that of Coonawarra (37-3°S.,
140-3%15.) 1n South Australia which in recent years has become an area noted
for ved table wines, The temperature chavacteristics of Coonawarra. based on
interpolations from long-cstablished recording centres in the wgeneral repion
are given below:

1 - - )
Tempemtire vhueaet pristees Tempontture  Leigth of
: } e ol watmesh © season
Seation P Mean Amplituls | Phase monthly over 30 F
i [ ! Dagys period 1 monthy
Cloonawnrri 379 | L) ! 31-2 Hs-4 Hed

These cunditions are very similar to those at Napa in California recorded
in the preceding section, but the conditions in winter are much milder than
those in Lurope.  In no locality in Augtradia does the isotherm of 30° F. for
the coolest month interseet that of 665 F. for the warmest month.

Meun Smmner temperatores of 66° F. are reached at altitudes ol approvi-
mately 3,800 feet in the northern tablelands of New South Wales, al 3,000
feet in the central tublelunds, at 2500 feel in the southern tablelands and ot
1,700 {eet in Victoria. The Canberry region comes just within the limic

- In general, the eonditions in Austzalia will need a separate study allowing
for wider comparisons with the wirmer regions of Europe, western Asia and
Californiu.

! Pessonally communicitad by W T, Clore, May, 1965,
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APPENDIX

THE SUMMATION OF TEMPERATURES IN AGRICULTURAL
CLIMATOLOGY

Soun after his invention of the alcohol thermiometer in 1730, Redumur
orgunised a series of temperature observations in Paris and overseas.  1le noted
( Reaumur, 1733) that the agricultural season of 1733 was much later than in
recent yeurs and that the wheat and grape harvests had been delayed by at
least a month.  He noted that this was associated with lower temperatures in
spring and early suimer and proceeded to compare the conditions in the months
of April, May and June in 1734 and 1735 oo the basis of the “suin of the degrees
of heat”. For cach day he deteriuined the mnean temperature by tuking half
the sum of the maximum and minimum and proceeded to add them day by
day for each of the three months,

Suma of femparature shove freczing point “ 13 ot Paris

[ Aprid 1 Miv June
Lor 1734 343 405 312
for 1743 ' 210 i 328 - 417

i

He suguested that by this means different countries and vears could be compared.

In view of the fact that the same grain crops can be harvested in countries
with very different tcmperatures, one should be able to compare the snms of
degrees of heat for the months during which the cereals mude the greatest part
of their growth and came to maturity in warm countries such as Spain and
Africi, in temperate countries as in France, and in cold countries as i those
of the north.

This idea of trealing temperature readings as measnring the quantity of
heat appears to have heen projected forward into the nineteenth century in
spite of the discovery and naming of “quantity of heat” and “latent heat” by
Joseph Black in 1760. The idea of “absolute temperature” was not to come
until after 1850,

The first notable upplication of this suggestion of Reaumur was made by
Bouassingault (1837), who compared the temperatures under which wheat, barlev,
muize und putatees were grown both in Enrope and in the Americas. He was
able to make vbservations on his own furm at Bechelbronn in Alsace.  [le ex-
pressed the vequircment {n the guantitative Form:

“The nnber of days between the beginning of the growtly of an annual
plant and its maturation is inversely proportional to the mean temperatvire
during this period of grawth, so that the product of the nurmber of days by the
teniperature is constaut.”

Of seven - examples wlfich he zives for maize, bvo may be quioted:

) ) Mewn minteal Mean teapemate 0 Number
Laocality temperature during crop ol dhays Prodie
¢ -
Beclielhbennn { Alsaee) HEN RIS jz2a ! 2 11

Villey of tho Magdalens 170 a7-4 n2 7481
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The principal contribution of the botanists who followed Boussingault was
to recognise that plant activities ccased below cettain temperatures and  this
information was critically cxamined by Alph. de Candolle (1855) and applicd
to i large number of wild specics ~annual, perennial and woody — in Europe.
He then proceeded to extend the concept to cultivated species and established
usctul minimum temperatores for 2 number of ¢rops.

De Candolle’s table for cultivated species is worth guoting in view of the
continued application of the concept to the présent dayv,

Alphonse de Candolle’s table of temperature summation:

Fixtrenw limit in Enrope i Minimum  Summation of temperstuces

— - - L useful Foooubave aaeful minimun
Cyoyi Counitry Latituwile 'l‘?:\pura.nr-n day-degrecy
bty g L i L‘!
Harley Norway Tl ooy 41 1,250
Vine (for winel Gomuny 522 | LR 2,600
Mot Gurnmimy il 13 R 2.5
Dade palm (for fruit) Spaii -5 IR b 5,100

De Candolle always insisted that mean daily temperatures below the freezing
puint of water (0Y C.) were not to be taken into account, thas establishing a
secondary base level below the effective minimum,

De Cundolle advocated the rvegular publication by official meteorological
departments of mean lemperatures and summaltion in excess of specified minima
aud this svas, in faet. taken up by the London meteorological office and noted
by de Cundolle (1884). At this period the Tondon office was already publishing
weekly a summation to temperatures above 427 FL These were recorded ax “day-
degrees”, d term invented by the Meteorological Office in Limdon,

De Candolle (1886) attended the 69th Session of the Swiss Society fur
Nutural Sciences in August of that year, at which J. H. Gilbert (15586) of Rot-
hamsted gave an account of the relationship which exists hetween sumy of tem-
prrittnres and agricnltural production.  ‘This paper is reported in full, Gilbert
reported that in 1881, the London meteorological office on the suggestion of
Lawes and himself began to publish weekly sums of temperature above a ived
base, together with hiours of sunshine and rain, for the information of agricul-
turists, the base temperature chosen heing 42° F, as stated abave.

Gilbert tubuluted the swin of teruperatures from certain fived dutes ountil the
time of harvest of wheat at Rothamsted for the vears 1832 to 1885, For the
vears 1878 to 1885 these are hased on the weekly publications of the meteoro-
togical office. Gilbert recorded for winter wheat, over the full period, swns of
temperatures of the order of 1,700 to 7,200 day-degrees.' The London Mceteoio-
Ingical Office is sUll (1963) interested in accumnlated temperatures, above and
below 42°F., and these are entered m the monthly returns from all crop-weather
stations in Britain.  The continned nse of accumulated temperatures s, how-
ever, currenlly under discussion.®

Modern applications in terms of this concept of temperature somimation
come mainly from North America.  The bridge between the European work of
the nincteenth century and the American work of the twenticth is provided

1 The responsible penple at the Metenrolopieal Office in London were R. IL.S‘E\MLauil
CGeneral Strachey.
2 Perstinilly commimicated by H, L. Penman,
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by Abbe (1903). Livingston {1916) compired the sununation of direet tem-
pertnres with the summations of temperatine efficiencey based on the physw«'»-
chemicnl concepts of Arrhenins and Vin't Hoft and with those of physiological
efficicucies based on experimental studies.  He was a strong advocate of the
provision of eaperimental facilities to enable studics of plant drowth to he made
in contralled enviropments,

OF more recent vears, Nuttonsem (1953, 1937, 1958) of the American Insti-
tute: of Crop Fealogy has applicd the sunmnation of temperatures above a fived
hase line to the shudy ol the climatic reqoirements of wheat, barley d pve
andd dored thal o Bise temperature of 407 F, gave the most satistactory values.
This temperature was selected after testing 3200 367, 40 and 45 F. Followne
Livingston, he veters to the method as the remaindes-index system,

Amerive and Winkler (1944, 1963} have applied the method o the study
ol the climatolomy of the wrape-vine in Califormia, and Amerine (1963) alsa
sives eferences to waork i the Soviet Union. Thev classify the vine areas of
California into five vegions from the coolest to the warmest on this buasis, 1o
the carlice publication the phvsiological period. blooaung 1o harvest, was nsed:
in the later puhlication o fixed ealendar peviod, April o October inclusive, is
erploved.

Clore gndd Dratpund (1963, 1964) alsu Luive applied the miethod to the
interpretation of seasonal conditions for grape growing in the State of Washing-
ton.  lu view of the increasing use of the concept in horticultural practice in
the United States. involving shorter periods and more acournte assessmaents of
temperiture summnations, Amold (1960) has proposed @ convenient wethod for
estunating devree-days [com daily temperatures when the minimum temperature
is below the base temperatute,

It s evident from the long history of the use of temperature swmnuttions in
erap physiology. that it will find ity most usefal applications when restricted
to crop periods, such as the emergence of an annual crop ta its harvest period.,
o in the case of o deaduous perennial from hud-hurst to leal-fal] or (o ripeness
ut the froit In this commection hoth de Candolle und Gilbert were aware -of
the need to bring in solar radiation and Gilbert even noted the Lag hebwern
i tine of greatest sipshinge and the time of warmest tomperatire,

A soon as the method is osed over a fiaed calendar period there s no advin-
tage fu be giined over gquoting the mean temperature durivg the period,  The
tse of hannonie characteristics, moreover, can be used to eapress much of the
redevant informition and can be used, Jif required, o cadeulate the summation ot
tc'm{wrmu'os omver amy specilied perind and more particuldy the Temperatures
wb thes wirmest and enulest periods.

ACKNOWLEDGMENTS

Jonsiderable help bas been received in the preparation of the disoussie
from prople who have supplicd information. I meuntion Mr. 1. Kaye, Librarian
of the Roval Society in London, for cordinming carly 18th century literatuse,
Miss G, M. Eardley for Jocating in Australia the 19th century literature, Dr. 11,
ichler for the loan of publications in his personal lihrary, Mrs. Jovee Caollins
whose collection of temperature data, now located at the Waite [ustitute, was
evensively used, and Mr. B, C. Rankine {or the loan of personal correspondence
with Frencli oenclogical stations.

To Mr. J. C. M. Fornachon, Dirvebor of the Australiian Wine Research In-
stitnte. I am grateful for his general intevest in the project and for making the
bacilities of the lostitute dyvailable.



CLIMATOLOGY O THE VINE 23

SOURCES OF INFORMATION

Bupuewr, J. (1040). Biographics des botunistes & Genéve de 1500 w0 19310 Bull, Sue. Bot.
Silsse., vol, B0a,

Kexpuew, We Go The Climales of the Continents, fourth cdition, Oxford, 1953,

Lvuxis, I (31883).  Synopsis der drei Natureeiehe, Part 2, Vol 1. Synopsis der Pllanzn-
kinde: Allgemeiner Theil. Srd edition by A, B. Franz, [Tanovet,

Uxeren Srates DEparoveat or AcrerLtrre Yeansoos, JOHL Clhimate ind Man, Washinge
ton .G, 1911,

Wumsnav-Lexicos e Wiizer, Weinlandley, Kider und Gastwirle, Berlin, 1930,

REFERENCIES

Av, G, 1005, First Reporl o the Relations botween Climates and Craps, U8 Dept, Aur,
Weather Burews, Bnll, 36.

Anrmine, Mo AL 1963, Yilleoltwe and Enology in the Soviet Unioit. The ‘Wine Districts
of the Soviet Union. - Nites o Wines Tasted du the Soviet Upion, - Wine and Vines,
et 20-36, Nov, a1-63, D, 23-29.

Avtine, M A, and Wivknen, A, )., 194, Composition 2ad Quality of Musts and 3Viies
of Calitoruin Crapus,  Hilgardhia. 13, No. 8, pp. 493673,

A\imlf}mlnls, '!}‘1'11;\.,. ardd Wissten, A [ 1963, Cylifornia Wiae Grgws,  Cal. JApr. Eapt, St

ull, 794,

Auxown, G, Y., 1960, Maxinimemininin Temperatiues s 20 Basls for Computing Mot
Units.  Proe, Awer, Sme Hort, Sci., 76, pp. 682-692,

Brack, J. N. 18680, A Contribution to the- Radintion Climatoloes of Northern Europe.
Arch. Met, Geopliys, Bioklim, B, 10, pp. 182-192,

Boussincaviay §. B, 1837a. ) Esamon eompwratif des circonslanees anétéorologignes  sans
lesgnedley vépdtent les cordales, Le s ot les panines <o terre 4 Péghateut of sous
ami kmpéré. CR., 4, piy, 178179,

Bousyizgacer, Jo B, 1837, Des influences météornlogicques sur la eulture de Ja visoe.
C.R., 4, pp. 371-378,

Caxoow i, Aven, Lo P Pooe. 1855, Geographie- botaniogne raisonfe.  Taris, Gendva, 2 vl
1365 pp., particularly Chap. 4, Sec, 5; pp. 393403

Cavooonr, Aven. Lo B PLope, 1881, dndesed s Notator des températnees oo point de v
de Pagrivultare of deg faits de végétation, Arel, Seic By s Nat, Ser., 3, 11, p. 320,

Cannonan, Areie Lo P Pooe, 1686, Indesed as: Sue Lo valour des sosiies des icimipeérs-
tures e geodpuphie, botanique ot en edeivallure,  Arel. Sai, Phys. Nat, Ser. 3, 16,
PR 323326,

Coonte, Wo o und Buosanuso, Vo 2, 1962 Sonse Aspects of Washington State’s Remarkalle
1063 Grape Crop. Wash. State Hort, Assac. Proce., 39, pp. 1635- 164,

Jrons, WU L, omud Broaarive, VP 1064, 1263—a Ouality Year for Grapes. Wish, State
Hort, Assee, Proo,, 60, pp, 133-158),

Coaugn, ), H, 1886, Bemasgques s Je reladlon qui esiste enfre leg sonoues de tenpératire
vt L production apricole. Arch, Sci, Plivs, Nat. Sov 3, 16, pp, 421-436.

Hirtesraniy, AWV, 1963, Deutsclie Wein Zeilimg, 99, p. 879,

Jonssrox, R 1., 1964, Water Relations of Piuvs radiate noder Plantation Conditions,  Au.
). Bot., 12, e LE1-124.

Livistsian, B, B, 1916, Physiologival 'Tewperature Indices Jor the Stody ol Pl Gronetl
in Reladon te Climatic Conditions.  Phys. Res., 1, 8, pp. 890-420,

Novvroxaow, Mo Y. Amer, Inst. Crop Bovlogy (Washington)s
Wheat-Chwidte Relatiumships (1055), 388 np.

Bnrlza/-Climatrf Helationships (19379, 280 pp.
Hye-Climute Relationships (1938); 219 pp.

Oninsi, G, 1933, Wine Crowing fu England,  Tandon,

Prscorr, J. A awd Laxe-Pogrie, G 3, 1947, The Climatalogs of the Introdoction ol
Tincs of the Meaditerrancan Enviromuent to Austrulin.  Trans, Koy, Sue, S, Aust., 7L
pp. G7-90.

Beavnmur, B AL ¥, o, 1735 Observations do thermometre, faits & Paris pendant lannde
1735, Comparées aveo celles qui ont éte faités sous la ligne, i ITsle de Trance.
Alger, et on quelques-unes des nos [sles de PAnerique,  Men. Aead, Roy, Sol, pp.
545-576; particularly p. 359,



